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(54) SYSTEM AND METHOD OF MEASURING GEOMETRIC CHARACTERISTICS OF AN OBJECT

(57) A system includes a light emitting unit (15), a
front mirror (17), a rear mirror (19), an imaging unit (21)
and a processor (23). The light emitting unit (15) is con-
figured to emit a collimated light beam (25). The front
mirror (17) is configured to reflect part of the collimated
light beam (25) to produce and project a front focused
ring (33) of structured light (32) to an object (11) to obtain
a front reflected ring of light (37), and configured to allow

part of the collimated light beam (25) to pass by. The rear
mirror (19) is positioned downstream of a light transmit-
ting path of the front mirror (17). The rear mirror is con-
figured to reflect at least part of the collimated light beam
(25) passing by the front mirror (17) to produce and
project a rear focused ring (41) of the structured light to
the object to obtain a rear reflected ring of light (43).
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Description

BACKGROUND

[0001] Embodiments of the disclosure relate generally
to systems and a method of measuring, and more par-
ticularly to systems and a method of measuring geomet-
ric characteristics of object.
[0002] The measurement of geometric characteristics
of an object, such as an inner surface of a cavity, a flat
or curved open surface, a gap between two edges, a
radius between two intersecting surfaces or a step be-
tween two surfaces, has always been a challenge. One
conventional measurement system that measures the
geometric properties of the object includes a light source
emitting a light beam to a mirror, such as an axicon. The
mirror reflects the light beam into a focused ring of light
to the surface of the object to obtain a reflected ring of
light. The measurement system obtains the geometric
characteristics of the object according the reflected ring
of light. However, measuring geometric characteristics
with one focused ring of light has its limitations. For ex-
ample, only one profile of a cross-section of the object
can be obtained. Furthermore, when a plane of the fo-
cused ring is at an angle that is not orthogonal with the
surface of the object, the geometric characteristics are
not correctly extracted.
[0003] It is desirable to provide a solution to address
at least one of the above-mentioned problems.

BRIEF DESCRIPTION

[0004] In accordance with one embodiment disclosed
herein, a measurement system is provided. The system
includes a light emitting unit, a front mirror, a rear mirror,
an imaging unit and a processor. The light emitting unit
is configured to emit a collimated light beam. The front
mirror is configured to reflect part of the collimated light
beam to produce and project a front focused ring of struc-
tured light to an object to obtain a front reflected ring of
light, and configured to allow part of the collimated light
beam to pass by. The rear mirror is positioned down-
stream of a light transmitting path of the front mirror. The
rear mirror is configured to reflect at least part of the col-
limated light beam passing by the front mirror to produce
and project a rear focused ring of the structured light to
the object to obtain a rear reflected ring of light. The im-
aging unit is configured to record an integrated image of
the front reflected ring and the rear reflected ring. The
processor is coupled to the imaging unit and configured
to obtain at least one geometric characteristic of the ob-
ject according to the integrated image from the imaging
unit.
[0005] In accordance with another embodiment dis-
closed herein, a system is provided. The system includes
a light emitting unit, a light structuring device, an imaging
unit and a processor. The light emitting unit is configured
to emit a collimated light beam. The light structuring de-

vice is configured to generate structured light. The light
structuring device includes a front conical reflecting sur-
face and a rear conical reflecting surface. The front con-
ical reflecting surface is configured to reflect part of the
collimated light beam into a front focused ring of the struc-
tured light to obtain a front reflected ring of light, and allow
part of the collimated light beam to pass by. The rear
conical reflecting surface is configured to reflect at least
part of the collimated light beam passing by the front con-
ical reflecting surface into a rear focused ring of the struc-
tured light to obtain a rear reflected ring of light. The im-
aging unit is configured to record an integrated image of
the front reflected ring and the rear reflected ring. The
processor is coupled to the imaging unit and configured
to obtain the at least one geometric characteristic of the
cavity according to the image from the imaging unit.
[0006] In accordance with another embodiment dis-
closed herein, a method is provided. The method in-
cludes emitting a collimated light beam. The method fur-
ther includes reflecting part of the collimated light beam
to produce and project a front focused ring of structured
light to an object to obtain a front reflected ring of light
and passing part of the collimated light beam. The meth-
od further includes reflecting at least part of the passed
collimated light beam to produce and project a rear fo-
cused ring of the structured light to the object to obtain
a rear reflected ring of light. The method further includes
recording an integrated image of the front reflected ring
of light and the rear reflected ring of light. The method
includes obtaining at least one geometric characteristic
of the object according to the integrated image.

DRAWINGS

[0007] These and other features and aspects of the
present invention will become better understood when
the following detailed description is read with reference
to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:

FIG. 1 is a schematic view of a measuring system in
accordance with an embodiment;

FIG. 2 is a schematic view of an integrated image
and an individual image in accordance with an em-
bodiment;

FIG. 3 is a schematic view of the measuring system
in accordance with another embodiment;

FIG. 4 is a schematic view of the measuring system
in accordance with another embodiment;

FIG. 5 is a schematic view of a light structuring device
of the measuring system in accordance with another
embodiment;

FIG. 6 is a schematic view of the light structuring
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device in accordance with another embodiment;

FIG. 7 is a schematic view of the light structuring
device in accordance with another embodiment;

FIG. 8 is a schematic view of the light structuring
device in accordance with another embodiment;

FIG. 9 is a schematic view of the light structuring
device in accordance with another embodiment;

FIG. 10 is a flow chart of a method for measuring
geometric characteristics of an object in accordance
with an embodiment; and

FIG. 11 is a flow chart of the method in accordance
with another embodiment;

FIG. 12 is a perspective view of an object measured
by the measuring system in accordance with an em-
bodiment; and

FIG. 13 is a perspective view of another object meas-
ured by the measuring system in accordance with
another embodiment.

DETAILED DESCRIPTION

[0008] Unless defined otherwise, technical and scien-
tific terms used herein have the same meaning as is com-
monly understood by one of ordinary skill in the art to
which this disclosure belongs. The terms "first", "second",
and the like, as used herein do not denote any order,
quantity, or importance, but rather are used to distinguish
one element from another. Also, the terms "a", "one" and
"an" do not denote a limitation of quantity, but rather de-
note the presence of at least one of the referenced items.
The use of "including," "comprising", "having" or "contain"
and variations thereof herein are meant to encompass
the items listed thereafter and equivalents thereof as well
as additional items. Although the terms "connected" and
"coupled" are often used to describe physical or mechan-
ical connections or couplings, they are not intended to
be so restricted and can include optical or electrical con-
nections or couplings, whether direct or indirect.
[0009] FIG. 1 illustrates a schematic view of a meas-
uring system 100 in accordance with an embodiment.
The measuring system 100 can be used to measure at
least one geometric characteristic of an object 11. For
example, a three-dimensional profile of a cavity, a diam-
eter of a cylindrical cavity, a transition radius of a curved
open surface, a step feature of a step and a distance
between two edges of a gap can be measured. Cracks
and bumps on the surface can also be detected by the
measuring system 100. The measuring system 100 in-
cludes a light emitting unit 15, a light structuring device
16, an imaging unit 21 and a processor 23. The light
emitting unit 15 is configured to emit a collimated light

beam 25. In one embodiment, the light emitting unit 15
includes a light source 27, such as laser diode, light emit-
ting diode, or some other point light source, and collimat-
ing lens 29. The collimating lens 29 is configured to col-
limate light from the light source 27 to generate the col-
limated light beam 25. In another embodiment, the light
emitting unit 15 includes multiple collimating lenses ar-
ranged to collimate the light from the light source 27. In
yet another embodiment, the light emitting unit 15 in-
cludes one or two other optical components. For exam-
ple, plane mirrors are employed to change a transmitting
direction of the light from the light source 27 which is
positioned away from a measuring axis 31 of the meas-
uring system 100. In the illustrated embodiment, the light
source 27 and the collimate lens 29 are arranged on the
measuring axis 31. It should be understood that while
the figures depict the light beams and reflections by a
single lined arrow, the light is not a single beam but mul-
tiple beams. In this example, the object 11 is a pipe and
the front reflected ring of light 37 and rear reflected ring
of light 43 is for the interior of a section of the pipe.
[0010] The light structuring device 16 is configured to
generate structured light 32 and includes a front mirror
17 and a rear mirror 19. The front mirror 17 is configured
to reflect part of the collimated light beam 25 to produce
and project a front focused ring 33 of the structured light
32 to a reflective surface 35 of the object 11 to obtain a
front reflected ring of light 37, and configured to allow
part of the collimated light beam 25 to pass by the front
mirror, wherein the term pass by refers to light that passes
through the light passing channel of the front mirror or
around the front mirror. The front mirror 17 includes a
front conical reflecting surface 50 that is configured to
reflect part of the collimated light beam 25 into the front
focused ring 33 of the structured light 32. In one example
the front mirror 17 allows part of the collimated light beam
25 to pass by the front mirror 17.
[0011] In the illustrated embodiment, the front mirror
17 includes a light passing channel 39 therein allowing
the collimated light beam 25 to pass by the front mirror
17. The light channel 39 extends through the front conical
reflecting surface 50 from an apex thereof. A diameter
of the light passing channel 39 is less than the diameter
of the collimated light beam 25 so as to let part of the
collimated light beam 25 pass through. In one embodi-
ment, the light passing channel 39 is a through hole in
the front mirror 17 extending along the measuring axis
31. In another embodiment, the light passing channel 39
is made from light-passing material, such as glass, to let
the collimated light beam 25 pass through. In one exam-
ple the front mirror 17 has a flat apex, that is to say, the
light passing channel 39 is cylinder shaped with a flat
end to make the collimated light beam 25 transmit along
the measuring axis 31.
[0012] In the illustrated embodiment, the front conical
reflecting surface 50 of the front mirror 17 reflects an
outer circle of the collimated light beam 25 and passes
the inner circle of the collimated light beam 25 there-

3 4 



EP 3 001 139 A1

4

5

10

15

20

25

30

35

40

45

50

55

through to the rear mirror 19. As shown, in this example
the front mirror 17 is arranged on the measuring axis 31.
In the illustrated embodiment, the front mirror 17 includes
a conical mirror, such as a 45 degree conical mirror, with
the light passing channel 39 extending from the apex
thereof and along a central axis thereof. The central axis
of the front mirror 17 is aligned to the measuring axis 31.
The front focused ring 33 is approximately perpendicular
to the measuring axis 31. The front focused ring 33 is
reflected from the inner reflective surface 35 to generate
the front reflected ring of light 37.
[0013] The rear mirror 19 is positioned downstream of
the light transmitting path of the front mirror 17. The rear
mirror 19 is configured to reflect at least part of the col-
limated light beam 25 passing by the light passing chan-
nel 39 of front mirror 17 to produce and project a rear
focused ring 41 of the structured light 32 to the reflective
surface 35 of the object 11 to obtain a rear reflected ring
of light 43. The rear mirror 19 includes a rear conical
reflecting surface 52 configured to reflect at least part of
the portion of the collimated light beam 25 passing by
the light passing channel 39 into the rear focused ring 41.
[0014] In the illustrated embodiment, the structured
light 32 is formed by the front focused ring 33 and the
rear focused ring 41. The rear mirror 19, such as a conical
mirror or a prism, is arranged on the measuring axis 31.
In the illustrated embodiment, the rear mirror 19 is a 45
degree conical mirror. In one embodiment, the rear mirror
19 is coaxial with the front mirror 17, and the rear conical
reflecting surface 52 is coaxial with the front conical re-
flecting surface 50. A front plane 331 of the front focused
ring 33 of the structured light 32 is parallel to the rear
plane 411 of the rear focused ring 41 of the structured
light 32. The planes of the front focused ring 33 and the
rear focused ring 41 are approximately perpendicular to
the measuring axis 31. The rear focused ring 41 is re-
flected by the reflective surface 35 to generate the rear
reflected ring 43.
[0015] The imaging unit 21, such as a camera, is con-
figured to record an integrated image of the front reflected
ring 37 and the rear reflected ring 43. The imaging unit
21 includes a lens or a lens set 45 and an area array
detector 46. The front reflected ring of light 37 and the
rear reflected ring of light 43 are adjusted by the lens 45.
The image is recorded at the area array detector 46 such
as CCD, CMOS. In one embodiment, the light emitting
unit 15 and the imaging unit 21 are positioned on opposite
sides of the front mirror 17 and the rear mirror 19.
[0016] The processor 23 is coupled to the imaging unit
21 and configured to obtain the geometric characteristic
of the object 11 according to the image from the imaging
unit 21. The processor 23, in one embodiment, is a com-
puter or other computing devices such as field program-
mable gate arrays (FPGA), microprocessors, and the
like, wherein the processor can be a multi-core proces-
sor. The processor 23 connects corresponding points on
the front reflected ring 37 and the rear reflected ring 43
to obtain the geometric characteristic of the object 11.

For example, the processor 23 generates a two-dimen-
sional (2D) profile of a front cross-section from the front
reflected ring 37 and a 2D profile of a rear cross-section
from the rear reflected ring 43, and outputs a 3D profile
of a cavity through linearly connecting the corresponding
points of the profiles of the front cross-section and the
profile of the rear cross-section. It should be noted that
this example is merely illustrative and is non-limiting.
[0017] In one embodiment, the measuring system 100
further includes a shutter 47 being operative to stop pro-
ducing the rear reflected ring of light 43 by stopping the
collimated light beam 25 from reaching the rear mirror
19. The collimated light beam 25 that goes through the
light passing channel 39 passes through the shutter 47
when the shutter 47 is opened, and is stopped when the
shutter 47 is closed. In the illustrated embodiment, the
shutter 47 is positioned in the light transmitting path be-
tween the front mirror 17 and the rear mirror 19. The
shutter 47 is used to stop the collimated light beam 25
from reaching the rear mirror 19 so that only the front
reflected ring of light 37 is generated and imaged without
the rear reflected ring of light 43. In another embodiment,
the shutter 47 is positioned around the rear mirror 19 to
stop the rear focused ring of light 41 from reaching the
object 11. In still another embodiment, the shutter 47 may
be positioned to stop the rear reflected ring of light 43
from reaching the imaging unit 21.
[0018] In one example, the imaging unit 21 is config-
ured to record an individual image of the front reflected
ring of light 37, and the processor 23 is configured to
separate the rear reflected ring 43 from the front reflected
ring 37 in the integrated image by using the individual
image of the front reflected ring of light 37. The shutter
47 may include, for example, a mechanical shutter, a
liquid crystal shutter or any other devices capable of
switching between a light-passing condition and a light-
stopping condition.
[0019] FIG. 2 illustrates a schematic view of the inte-
grated image 200 and the individual image 202 in ac-
cordance with an embodiment. The integrated image 200
shows the image of the front reflected ring of light 37 and
the image of the rear reflected ring of light 43. The image
of the front reflected ring 37 shows a profile of the front
cross-section of the reflected surface 35 of the object 11,
and the image of the rear reflected ring 43 shows a profile
of the rear cross-section of the reflected surface 35. In
the illustrated embodiment, the images of the front re-
flected ring 37 and the rear reflected ring 43 are both
annular, that is to say the front cross-section and the rear
cross-section of the reflected surface 35 are both circular
such as from an interior of a pipe. It should be noted that
this example is merely illustrative and is non-limiting. The
images of the front reflected ring 37 and the rear reflected
ring 43 are changed according to the profile of the re-
flected surface 35 in particular applications.
[0020] The individual image 202 only shows the image
of the front reflected ring of light 37. The rear reflected
ring 43 and the front reflected ring 37 can be separated
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according to the integrated image 200 and the individual
image 202. Accordingly, points on the rear reflected ring
43 and the front reflected ring 37 in the integrated image
200 can be distinguished even if the points on the rear
reflected 43 and the points on the front reflected 37 are
close to each other or overlap in the integrated image
200. With the reference to FIG. 1, the image of the front
reflected ring of light 37 can be amplified by being mul-
tiplied by an amplifying coefficient which is a result of a
distance L1 between the front focused ring of light 33 and
the lens 45 divided by a distance L3 between the lens 45
and the area array detector 46 to obtain an image of the
front focused ring of light 33. Similarly, the image of the
rear reflected ring of light 43 can be amplified by being
multiplied by another amplifying coefficient which is a re-
sult of a distance L2 between the rear focused ring of the
light 41 and the lens 45 and the distance L3 to obtain an
image of the rear focused ring of light 41. In this embod-
iment, the images of the front focused ring 33 and the
rear focused ring 41 are circles overlapping with each
other.
[0021] FIG. 3 illustrates a schematic view of a meas-
uring system 300 in accordance with another embodi-
ment. The measuring system 300 in FIG. 3 is similar to
the measuring system 100 in FIG. 1. Compared with the
measuring system 100 in FIG. 1, in FIG. 3, the light emit-
ting unit 15 and the imaging unit 21 of the measuring
system 300 are positioned on the same side of the front
mirror 17 and the rear mirror 19 so that the structure of
the measuring system is compact. The light emitting unit
15 emits the collimated light beam 25 from the light
source 27 through the collimating lens 29 and onto the
front mirror 17 that reflects some light to the surface 35
of the object 11 and some light passes by the front mirror
to the shutter 47 and onto the rear mirror 19. The rest of
the processing is the same.
[0022] FIG. 4 illustrates a schematic view of a meas-
uring system 400 in accordance with another embodi-
ment. The measuring system 400 in FIG. 4 is similar to
the measuring system 100 in FIG. 1. Compared with the
measuring system 100 in FIG. 1, the light structuring de-
vice 16 further includes at least one middle mirror 18
positioned in the light transmitting path between the front
mirror 17 and the rear mirror 19. The at least one middle
mirror 18 is configured to reflect part of the collimated
light beam 25 to produce and project at least one middle
focused ring 34 of the structured light 32 to the object 11
to obtain at least one middle reflected ring of light 38, and
configured to pass part of the collimated light beam 25
to the rear mirror 19. The middle mirror 18 includes a
middle conical reflecting surface 51 configured to reflect
part of the collimated light beam 25 into the middle fo-
cused ring 34 from part of the structured light 32 and pass
by part of the collimated light beam 25. For illustration
purpose only, one middle mirror 18 is illustrated. The light
structuring device 16 may include any number of the mid-
dle mirrors 18. The additional mirror(s) 18 can be used
in certain applications where the imaging requires greater

accuracy such that the spacing between the rings 33, 34,
41 is smaller and allows for greater resolution. Alterna-
tively, the additional mirror(s) 18 can allow for a greater
area for the surface 35 of the object 11 to be captured
thereby increasing the speed of processing of the object
11.
[0023] In the illustrated embodiment, the middle mirror
18 includes a light passing channel 40 which is similar
to the light passing channel 39 in the front mirror 17. A
diameter of the light passing channel 40 is less than that
of the light passing channel 39 of the front mirror 17. In
one embodiment, the light structuring device 16 includes
two or more middle mirrors 18. The diameter of the light
passing channel of a downstream middle mirror 18 is less
than that of the light passing channel of an upstream
middle mirror 18. Accordingly, the collimated light beam
25 is reflected by the middle mirrors 18 and passes
through the middle mirrors 18.
[0024] The middle reflected ring 34 is also imaged by
the imaging unit 21 and processed to obtain the geomet-
ric characteristic of the object 11 together with the front
reflected ring 37 and the rear reflected ring 43 to improve
an accuracy of measurement. In one embodiment, the
light structuring device 16 further includes a middle shut-
ter 48. The shutter 47 and 48 are separately positioned
between two mirrors. The number of shutter 48 can be
set according to the number of the mirrors. Accordingly,
the reflected rings 37, 38, 43 in the integrated image can
be separated.
[0025] FIG. 5 illustrates a schematic view of the light
structuring device 16 in accordance with yet another em-
bodiment. A diameter D1 of a first bottom surface 171 of
the front mirror 17 is less than that of the collimated light
beam 25, and a diameter D2 of a second bottom surface
191 of the rear mirror 19 is larger than that of the first
bottom surface of the front mirror 17. The front mirror 17
is smaller in diameter than the collimated light beam 25
and the rear mirror 19 is larger in diameter than the front
mirror 17. Accordingly, the front conical reflecting surface
50 reflects the inner circle 251 of the collimated light beam
25 into the front focused ring of light 33, and the outer
circle 253 of the collimated light beam 25 passes by the
front mirror 17 to the rear mirror 19. The rear conical
reflecting surface 52 of the rear mirror 19 reflects the
outer circle 253 of the collimated light beam 25 into the
rear focused ring of light 41.
[0026] In one embodiment, the front mirror 17 and the
rear mirror 19 are integrally made as one piece. The front
conical reflecting surface 50 and the rear conical reflect-
ing surface 52 are arranged with a step 54 therebetween.
The front conical reflecting surface 50 and the rear con-
ical reflecting surface 52 are arranged apart from one
another to make sure both conical reflecting surfaces 50,
52 receive the collimated light beam 25. In another em-
bodiment, the front mirror 17 and the rear mirror 19 are
made as separate pieces. For example, the front mirror
17 is a conical mirror smaller than the collimated light
beam 25, and the rear mirror 19 is a conical mirror larger
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than the front mirror 17. The front mirror 17 and the rear
mirror 19 in FIGs. 1, 3 and 4 may be formed as separate
pieces. In the illustrated embodiment, the shutter 47 is
positioned around the rear mirror 19, which may be a ring
shutter to prevent the rear focused ring 41 from reaching
the object.
[0027] FIG. 6 illustrates a schematic view of the light
structuring device 16 in accordance with another embod-
iment. The light structuring device 16 in FIG. 6 is similar
to the light structuring device 16 in FIG. 5. Compared
with the light structuring device 16 in FIG. 5, the light
structuring device 16 includes a middle mirror 18 having
a middle conical reflecting surface 51. The middle conical
reflecting surface 51 reflects part of the collimated light
beam 25 into a middle focused ring of light 34 and part
of the collimated light beam 25 passes by the middle
mirror 18 to reach the rear mirror 19. In another embod-
iment, two or more middle mirrors 18 are employed to
form middle focused rings of light 34. The conical reflect-
ing surfaces 50, 51 and 52 are arranged in one example
apart from each other.
[0028] FIG. 7 illustrates a schematic view of the light
structuring device 16 in accordance with another embod-
iment. The light structuring device 16 in FIG. 7 is similar
to the light structuring device 16 in FIG. 5. Compared
with the light structuring device 16 in FIG. 5, the front
mirror 17 and the rear mirror 19 are integrally formed as
an inner cone shape in one piece. The front mirror 17
and the rear mirror 19 are formed inside a piece of light-
passing block 60 with a flat surface 601 which may be
made from glass. The front conical reflecting surface 50
and the rear conical reflecting surface 52 are formed in
an inner surface of the light-passing block 60 and made
of reflective material to reflect collimated light beam 25.
In one embodiment, the mirrors 17-19 of the light struc-
turing device 16 in FIG. 6 may be formed as an inner
conical prism which is similar to the light structuring de-
vice 16 in FIG. 7.
[0029] FIG. 8 illustrates a schematic view of the light
structuring device 16 in accordance with another embod-
iment. The rear mirror 19 is formed as an inner cone
shape inside the light-passing block 60. The front mirror
17 is formed on a front surface of the light-passing block
60. The apex of the front mirror 17 has a flat clear surface
62 to let part of the collimated light beam 25 pass by to
the rear mirror 19. The reflecting surface 50 is formed on
or added to the surface of the light-passing block 60.
[0030] FIG. 9 illustrates a schematic view of the light
structuring device 16 in accordance with another embod-
iment. The light structuring device 16 in FIG. 9 is similar
to the light structuring device 16 in FIG. 8. Compared
with the light structuring device 16 in FIG. 8, the light
structuring device 16 in FIG. 9 further includes a middle
mirror 18 formed inside the light-passing block 60. The
middle mirror 18 is smaller than the rear mirror 19 to
reflect part of the collimated light beam 25 and allows
part of the collimated light beam 25 to pass by to the rear
mirror 19. The middle mirror 18 and the rear mirror 19

have similar arrangements to the mirrors in FIGS. 5 and
7. In another embodiment, two or more middle mirrors
18 may be formed inside the light-passing block 60.
[0031] FIG. 10 illustrates a flow chart of a method 600
for measuring geometric characteristics of an object in
accordance with one embodiment. A collimated light
beam is emitted 601 such as from a light emitting unit. A
portion or part of the collimated light beam is reflected
by the front mirror 603 to reflect to produce and project
a front focused ring of structured light to an object, in
order to obtain a front reflected ring of light, wherein part
of the collimated light beam passes by the front mirror.
The collimated light beam is reflected into the front fo-
cused ring. The surface of the object reflects the front
focused ring into the front reflected ring of light.
[0032] At least part of the collimated light beam that
passes by the first mirror is reflected by the rear mirror
to reflect and produce and project a rear focused ring of
the structured light to the object to obtain a rear reflected
ring of light and reflected into the rear focused ring 605.
The surface of the object reflects the rear focused ring
into the rear reflected ring of light. In one example the
front plane of the front focused ring of the structured light
is parallel to a rear plane of the rear focused ring of the
structured light.
[0033] An integrated image of the front reflected ring
of light and the rear reflected ring of light is recorded 607.
The integrated image shows profiles of a front cross-sec-
tion and a rear cross-section of a section of the surface
of the object. At least one geometric characteristic of the
object is obtained according to the integrated image 609.
Corresponding points on the front reflected ring and the
rear reflected ring are connected and processed to get
the geometric characteristic of the object.
[0034] In one embodiment, an individual image of the
front reflected ring is recorded and the rear reflected ring
from the front reflected ring in the integrated image is
separated using the individual image 608. In one exam-
ple only the front reflected ring is imaged for the same
section of the object so as to get the points on the front
reflected ring. Accordingly, the points on the front reflect-
ed ring and on the rear reflected ring in the integrated
image can be distinguished. In one example only the rear
reflected ring is imaged for the same section of the object
so as to get the points on the rear reflected ring. Accord-
ingly, the points on the front reflected ring and on the rear
reflected ring in the integrated image can be distin-
guished.
[0035] In one example the measurement device or the
object is moved so that a further section of the object is
imaged. By way of example, the measurement device
can be housed in a borescope that is inserted into a pipe
or cavity to obtain geometric characteristics of the object.
The imaging can be used to look for cracks, warping,
surface protrusions and the like.
[0036] FIG. 11 illustrates a flow chart of a method 700
for measuring geometric characteristics of an object in
accordance with another embodiment. The method 700
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in FIG. 11 is similar to the method 600 in FIG. 10. Com-
pared with the method 600 in FIG. 10, the method 700
in FIG. 11 further includes block 604. In block 640, the
collimated light beam is further reflect to produce and
project at least one middle focused ring of the structured
light between the front focused ring and the rear focused
ring to the object to obtain at least one middle reflected
ring of light. The middle reflected ring of light is also im-
aged. The geometric characteristic of the object is ob-
tained according to the image of the front reflected ring,
the middle reflected ring and the rear reflected ring so as
to improve an accuracy of measurement.
[0037] In order to distinguish the front reflected ring of
light, the rear reflected ring of light and the one or more
middle reflected rings of light according to one example,
the rear and middle reflected rings of light are recorded
separately and compared to the integrated image to sep-
arate the bands. In one example the front reflected ring
and the middle reflected ring(s) are individually imaged
for the same section of the object so as to get the points
on the front reflected ring and middle reflected ring(s)
respectively. Accordingly, the points on the front reflected
ring, middle reflected ring(s) and the rear reflected ring
in the integrated image can be distinguished. In one ex-
ample the rear reflected ring and the middle reflected
ring(s) are individually imaged for the same section of
the object so as to get the points on the rear reflected
ring and middle reflected ring(s) respectively. According-
ly, the points on the front reflected ring, middle reflected
ring(s) and the rear reflected ring in the integrated image
can be distinguished.
[0038] FIG. 12 illustrates a perspective view of a conic-
shaped cavity object 800 measured by the measuring
system 100, 300 or 400 in accordance with an embodi-
ment. The measuring system 100, 300 or 400 obtains
the front reflected ring of light 37 and the rear reflected
ring of light 43 which are reflected from an inner face of
the cone-shaped cavity. A 3D profile of the cone-shaped
cavity is obtained through connecting corresponding
points on the front reflected ring 37 and the rear reflected
ring 43 so that the geometric characteristic of the object
800 is obtained. In this embodiment, the front reflected
ring 37 and the rear reflected ring 43 are not vertical to
a center axis 801 of the cone-shaped cavity.
[0039] FIG. 13 illustrates a perspective view of an open
curved surface object 900 measured by the measuring
system 100, 300 or 400 in accordance with another em-
bodiment. The measuring system 100, 300 or 400 ob-
tains the front reflected ring of light 37 and the rear re-
flected ring of light 43 which are reflected from a surface
of the open curved surface. The front reflected ring 37
and the rear reflected ring 43 each illustrate a curved line
on the open curved surface, and a 3D profile of the open
curved surface is obtained through connecting the cor-
responding points on the front reflected ring 37 and the
rear reflected ring 43.
[0040] FIGS. 12 and 13 illustrate two embodiments of
the object measured by the measuring system 100, 300

or 400, but not limited to these. The shape of the object
between the front reflected ring 37 and the rear reflected
ring 43 in one example has continuous linear change.
[0041] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.
[0042] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A system, comprising:

a light emitting unit configured to emit a collimat-
ed light beam;

a light structuring device configured to generate
structured light, comprising:

a front conical reflecting surface configured
to reflect part of the collimated light beam
into a front focused ring of the structured
light to obtain a front reflected ring of light,
and wherein part of the collimated light
beam passes by the front conical reflecting
surface; and

a rear conical reflecting surface configured
to reflect at least part of the collimated light
beam passing by the front conical reflecting
surface into a rear focused ring of the struc-
tured light to obtain a rear reflected ring of
light;

an imaging unit configured to record an in-
tegrated image of the front reflected ring and
the rear reflected ring; and

a processor coupled to the imaging unit and
configured to obtain the at least one geo-
metric characteristic of an object according
to the image from the imaging unit.

2. The system of clause 1, wherein the light struc-
turing device comprises a light passing channel
through the front conical reflecting surface to allow
the collimated light beam to pass through.

3. The system of clause 1 or 2, wherein a diameter
of a first bottom surface bounded by the front conical
reflecting surface is less than that of the collimated
light beam, and a diameter of a second bottom sur-
face bounded by the rear conical reflecting surface
is larger than that of the first bottom surface.

4. The system of any preceding clause, wherein the
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front conical reflecting surface and the rear conical
reflecting surface are arranged with a step therebe-
tween.

5. The system of any preceding clause, wherein the
rear conical reflecting surface is coaxial with the front
conical reflecting surface.

6. The system of any preceding clause, wherein the
light structuring device further comprises at least one
middle conical reflecting surface positioned in a light
transmitting path between the front conical reflecting
surface and the rear conical reflecting surface, the
at least one middle conical reflecting surface is con-
figured to reflect part of the collimated light beam
into at least one middle focused ring of the structured
light to obtain at least one middle reflected ring of
light, and configured to pass by part of the collimated
light beam to the rear conical reflecting surface.

7. The system of any preceding clause, further com-
prising a shutter being operative to stop producing
the rear reflected ring of light, and wherein the im-
aging unit is configured to record an individual image
of the front reflected ring, and the processor is con-
figured to separate the rear reflected ring from the
front reflected ring in the integrated image with an
assistance of the individual image.

8. The apparatus of any preceding clause, wherein
the processor is configured to connect correspond-
ing points on the front reflected ring and the rear
reflected ring to obtain a three-dimensional profile.

Claims

1. A system, comprising:

a light emitting unit (15) configured to emit a col-
limated light beam (25);
a front mirror (17) configured to reflect part of
the collimated light beam (25) to project a front
focused ring (33) of structured light (32) to an
object (11) to obtain a front reflected ring of light
(37) from the object (11), and wherein part of
the collimated light beam (25) passes by the
front mirror (17);
a rear mirror (19) is positioned downstream of a
light transmitting path of the front mirror (17), the
rear mirror (19) configured to reflect at least part
of the collimated light beam (25) passing by the
front mirror (17) to project a rear focused ring
(41) of the structured light to the object (11) to
obtain a rear reflected ring of light (43) from the
object (11);
an imaging unit (21) configured to record an in-
tegrated image of the front reflected ring (37) of

light and the rear reflected ring of light (43); and
a processor (23) coupled to the imaging unit (21)
and configured to obtain at least one geometric
characteristic of the object (11) according to the
integrated image (200) from the imaging unit
(21).

2. The system of claim 1, wherein the front mirror (17)
comprises a light passing channel (39) therein allow-
ing the collimated light beam (25) to pass by.

3. The system of claim 1 or claim 2, wherein a diameter
of a first bottom surface of the front mirror (17) is less
than that of the collimated light beam (25), and a
diameter of a second bottom surface of the rear mir-
ror (19) is larger than that of the first bottom surface
of the front mirror (17).

4. The system of any of claims 1 to 3, wherein the front
mirror (17) comprises a front conical reflecting sur-
face (50), the rear mirror (19) comprises a rear con-
ical reflecting surface (52), and the front conical re-
flecting surface (50) and the rear conical reflecting
surface (52) are arranged with a space therebe-
tween.

5. The system of any of claims 1 to 4, wherein the rear
mirror (19) is coaxial with the front mirror (17).

6. The system of any of claims 1 to 5, further comprising
at least one middle mirror (18) positioned in a light
transmitting path between the front mirror (17) and
the rear mirror (19), the at least one middle mirror
(18) being configured to reflect part of the collimated
light beam (25) to project at least one middle focused
ring (34) of the structured light (32) to the object to
obtain at least one middle reflected ring of light (38),
and configured to pass by part of the collimated light
beam (25) to the rear mirror (19).

7. The system of any of claims 1 to 6, further comprising
a shutter (47) being operative to stop producing the
rear reflected ring of light (43), and wherein the im-
aging unit (21) is configured to record an individual
image (202) of the front reflected ring (37), and the
processor (23) is configured to separate the rear re-
flected ring (43) from the front reflected ring (37) in
the integrated image (200) using the individual image
(202).

8. The system of any preceding claim, wherein the
processor (21) is configured to connect correspond-
ing points on the front reflected ring (37) and the rear
reflected ring (43) to obtain a three-dimensional pro-
file.

9. A method, comprising:
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emitting a collimated light beam (25);
reflecting part of the collimated light beam (25)
to produce and project a front focused ring (33)
of structured light (32) to an object (11) to obtain
a front reflected ring of light (37) and passing
part of the collimated light beam (25);
reflecting at least part of the passed collimated
light beam (25) to produce and project a rear
focused ring (41) of the structured light (32) to
the object (11) to obtain a rear reflected ring of
light (43);
recording an integrated image (200) of the front
reflected ring of light (37) and the rear reflected
ring of light (43); and
obtaining at least one geometric characteristic
of the object (11) according to the integrated im-
age (200).

10. The method of claim 9, wherein a front plane of the
front focused ring (33) of the structured light (32) is
parallel to a rear plane of the rear focused ring (41)
of the structured light (32).

11. The method of claim 9 or 10, further comprising re-
flecting the collimated light beam (25) to produce and
project at least one middle focused ring (34) of the
structured light (32) between the front focused ring
(33) and the rear focused ring (41) to the object (11)
to obtain at least one middle reflected ring of light
(38).

12. The method of any of claims 9 to 11, further com-
prising recording an individual image (202) of the
front reflected ring (37) and separating the rear re-
flected ring (43) from the front reflected ring (37) in
the integrated image (200) with an assistance of the
individual image (202).
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